ABSTRACT Aims/Introduction: Insulin has been associated with the risk of colorectal cancer (CRC). However, few studies have evaluated the association between insulin and colorectal adenoma. We investigated the relationship between fasting serum insulin levels or homeostasis model assessment of insulin resistance (HOMA-IR) and colorectal adenoma. Materials and Methods: We retrospectively enrolled 15,427 participants who underwent both fasting serum insulin measurement and colonoscopy for a routine health examination at Asan Medical Center from January 2007 to December 2008. Participants with a history of any cancer, previous colectomy or polypectomy, those taking antidiabetic medications, and inflammatory bowel disease, non-specific colitis, non-adenomatous polyps only or CRC on colonoscopic findings were excluded. Finally, 3,606 participants with histologically confirmed colorectal adenoma and 6,019 controls with no abnormal findings on colonoscopy were included. Participants were categorized into quartiles (Q) based on fasting serum insulin levels and HOMA-IR. Results: Fasting serum insulin and HOMA-IR were significantly higher in participants with colorectal adenomas compared with controls. Multivariate regression analysis adjusting for age, sex, smoking habits, drinking habits and family history of CRC showed that participants with higher quartiles of fasting serum insulin levels (odds ratio [OR] 1.17 for 2nd Q, 1.19 for 3rd Q, and 1.42 for 4th Q, P < 0.05) or HOMA-IR (OR 1.18 for 2nd Q and 1.45 for 4th Q, P < 0.05) showed significantly increased ORs of colorectal adenoma compared with the lowest quartiles. Conclusions: These findings showed that increased serum insulin levels and insulin resistance were significantly associated with the presence of colorectal adenoma.
INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide. Several risk factors for CRC are well known, such as high-fat, low-fiber intake, physical inactivity and a family history of CRC [1] [2] [3] . In addition, obesity and its related conditions, such as diabetes mellitus, insulin resistance, hyperinsulinemia and metabolic syndrome, have also been reported as risk factors for CRC [4] [5] [6] . Epidemiological and in vitro studies have supported the 'insulin hypothesis' of colorectal carcinogenesis [7] [8] [9] . In addition, several previous reports have shown a relationship between insulin or insulin resistance and CRC 4, 8, 10, 11 . Colorectal adenoma is considered a precursor of CRC through the adenoma-carcinoma sequence 12 . To prevent CRC, it is necessary to detect and treat colorectal adenoma 13 . Thus, it is important to identify the risk factors for colorectal adenoma.
Several studies have shown that obesity and metabolic syndrome or the components of metabolic syndrome are associated with colorectal adenoma [14] [15] [16] [17] [18] [19] . However, the relationship between insulin or insulin resistance and colorectal adenoma has not been investigated in detail, and the results were controversial [20] [21] [22] [23] [24] [25] [26] [27] . Some studies suggested that elevated serum insulin or homeostasis model assessment of insulin resistance (HOMA-IR) were associated with colorectal adenoma 20, 21, 23, 24, 26, 27 . In contrast, two Japanese studies showed that insulin levels were not related to colorectal adenoma 22, 25 . Therefore, we carried out a study to assess the relationship between fasting serum insulin levels and colorectal adenoma in a population that underwent screening colonoscopy.
MATERIALS AND METHODS

Study Population
We retrospectively analyzed 15,427 participants who underwent both serum insulin measurement and colonoscopy during routine health examinations at the Health Screening and Promotion Center of the Asan Medical Center (AMC, Seoul, Republic of Korea) from January 2007 to December 2008. Information on medication, previous medical or surgical diseases, family history of CRC in first-degree relatives, and smoking and drinking habits were obtained from each participant using a standard questionnaire. Drinking habits were categorized as never and rarely or more than two times a week. Smoking habits were categorized as never, previous or current.
Subjects excluded were those with a history of cancer at other sites (n = 545), those taking antidiabetic medications (n = 934), those who underwent previous colectomy or polypectomy (n = 389) based on the questionnaire, those with incomplete studies (n = 127) and those with inflammatory bowel disease, non-specific colitis (n = 320) or CRC (n = 39) based on colonoscopic findings. Therefore, after the exclusions criteria, 13,073 participants remained including 6,019 with normal findings and 7,054 with at least one or more colorectal polyp. In addition, 3,448 subjects with only hyperplastic or inflammatory polyps (n = 1,773), carcinoid (n = 29), or other non-specific findings (n = 1,646) on pathology specimens were excluded. Finally, a total of 9,625 participants (3,606 subjects with histologically confirmed colorectal adenoma and 6,019 controls with no abnormal findings on colonoscopy) were evaluated in the present study (Figure 1) . The study population was composed of 5,914 men (61.4%) and 3,711 women (38.6%) with a mean age of 50.4 -9.5 years.
All participants enrolled in the present study provided written informed consent. This study was approved by the institutional review board of the Asan Medical Center.
Measurements
Height and weight were measured by trained nurses with participants wearing light clothing without shoes. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Waist circumference (cm) was measured at the midway point between the inferior margin of the last rib and the superior iliac crest in a horizontal plane.
Blood samples were obtained the morning after an overnight fast before colonoscopy. Plasma glucose was measured by the hexokinase method using an autoanalyzer (Toshiba, Tokyo, Japan). Fasting total cholesterol (TC), low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) 15 ,427 subjects cholesterol and triglycerides were measured using the autoanalyzer (Toshiba). Serum insulin concentrations were obtained by immunoradiometric assay (TFB, Tokyo, Japan). The intraand interassay coefficients of variation for insulin levels were 6.4 and 7.1%, respectively. The HOMA-IR, an index of insulin resistance, was calculated as fasting plasma glucose (mg/dL) multiplied by fasting insulin (lIU/mL) divided by 405 28 .
Colonoscopic Examinations
After bowel preparation with 4 L of polyethylene glycolelectrolyte oral lavage solution (Meditech Korea Pharma, Kyunggido, Korea), colonoscopy was carried out on each participant by one of eight experienced gastroenterologists using an EVIS-260(B) colonoscope (Olympus, Tokyo, Japan), with the colon examined from the rectum to the cecum. All visualized lesions were biopsied and histologically assessed by experienced pathologists.
Statistical Analysis
Continuous variables were expressed as mean -standard deviation (median). Categorical variables were expressed as proportions (%). Variables that were not distributed normally, including lipids, insulin levels and HOMA-IR, were log-transformed before analysis. Student's t-test was used to compare continuous variables between any two groups. The v 2 -test was used to compare proportions.
Fasting serum insulin levels and HOMA-IR were categorized into quartiles (Q1-Q4) based on the levels of the whole study population (including both cases and controls). The ranges of each quartile of insulin and HOMA-IR were <3.6, 3.6-5.3, 5.3-7.6, >7.6 lIU/mL and <0.83, 0.83-1.25, 1.25-1.89, >1.89, respectively. Demographic and biochemical characteristics of the study population sorted according to the quartiles of insulin or HOMA-IR were compared using one-way analysis of variance (ANOVA) for continuous variables and the v 2 -test for categorical variables. The median values or odds ratios (ORs) for each quartile of insulin or HOMA-IR were assessed for linear trends by P for trends. Multivariate analysis was carried out using logistic regression analysis adjusting for age (continuous), sex (categorical), alcohol intake (categorical: two categories of never or rarely and more than two times/week), smoking habit (categorical: two categories of never or past and current), firstdegree familial history of CRC (categorical: two categories of yes or no) and BMI (continuous). For each variable, the ORs, 95% confidence interval (CI) and P-values were calculated. P-values < 0.05 were considered statistically significant. Statistical analyses were carried out using SPSS version 12.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
The baseline characteristics of colorectal adenoma and control participants are summarized in Table 1 . Compared with controls, participants with colorectal adenoma were significantly older and more likely to be men. Rates of current smoking and alcohol drinking were higher in participants with colorectal adenoma than in controls. However, the rate of family history of CRC did not differ significantly between the two groups. Participants with colorectal adenoma showed a higher mean BMI, waist circumference, TC, triglycerides, LDL cholesterol, fasting glucose, serum insulin, HOMA-IR and lower HDL cholesterol compared with controls.
The baseline clinical characteristics and laboratory findings according to quartiles of fasting serum insulin are shown in Table 2 . Almost all clinical characteristics (except for mean age and rates of family history of CRC) and laboratory findings according to serum insulin quartiles were significantly different between groups.
Differences in characteristics across HOMA-IR quartiles were also statistically significant, except for the rates of family history of CRC and smoking habits (data not shown). The prevalence of colorectal adenoma showed an increasing tendency across the quartiles of fasting serum insulin (P < 0.05). The prevalence of colorectal adenoma was 33.0% (748/1,521) for quartile 1, 37.1% (938/1,589) for quartile 2, 37.1% (894/ 1,518) for quartile 3 and 42.4% (1,026/1,391) for quartile 4. The prevalence of colorectal adenoma across the quartiles of HOMA-IR also showed increasing tendency (P < 0.05), and was 32.5% (784/1,631) for quartile 1, 37.4% (897/1,499) for quartile 2, 36.0% (868/1,540) for quartile 3, and 43.9% (1,057/ 1,349) for quartile 4.
The ORs and 95% CI for colorectal adenoma according to the quartiles of fasting serum insulin are shown in Table 3 . In univariate analysis, participants with higher quartiles of fasting In addition, we analyzed the association between the quartiles of HOMA-IR and the presence of colorectal adenoma (Table 4) . In univariate analysis, participants with higher quartiles of HOMA-IR (OR 1.25, 95% CI 1.11-1.40 for Q2, OR 1.17, 95% CI 1.04-1.32 for Q3 and OR 1.63, 95% CI 1.45-1.83 for Q4, P < 0.05) showed significantly increased ORs of colorectal adenoma. Multivariate logistic regression analysis after adjusting for confounding variables including age, sex, smoking habits, drinking habits and family history of CRC showed that the ORs of colorectal adenoma for the higher quartiles of HOMA-IR were significantly increased (OR 1.18, 95% CI 1.04-1.35 for Q2 and OR 1.45, 95% CI 1.28-1.65 for Q4, P < 0.05) except for Q3. On additional adjustment for BMI, a significant positive association between HOMA-IR and the presence of colorectal adenoma was observed only in the highest quartile of HOMA-IR (OR 1.20, 95% CI 1.04-1.38 for Q4, P < 0.05). Table 5 showed the association between fasting insulin level and the presence of colorectal adenoma stratified by glucose levels. In both normoglycemic (<100 mg/dL) and hyperglycemic (≥100 mg/dL) groups, the participants with higher quartiles of fasting serum insulin levels (Q3 and Q4) showed significantly increased ORs of colorectal adenoma after adjusting for age, sex, current smoking, alcohol drinking and family history of CRC. After further adjustment for BMI, the highest quartile of fasting serum insulin levels (Q4) showed significantly increased OR of the colorectal adenoma only in the hyperglycemic group. In subgroup analysis according to BMI, the prevalence of colorectal adenoma tended to increase with increasing quartiles of insulin only in non-obese group (BMI < 25 kg/m 2 ; Table 6 ). The participants with the highest quartile of insulin in the non-obese group showed a significantly increased OR of colorectal adenoma in both univariate and multivariate analysis.
DISCUSSION
The results of the present study showed that fasting serum insulin levels were positively associated with the presence of colorectal adenoma. Furthermore, HOMA-IR, an insulin resistance index, was also associated with the presence of colorectal adenoma. The association remained significant even after adjusting for risk factors of CRC, and further adjusting for BMI showed significance in the highest quartile level. These findings suggest a role for higher circulating insulin levels in the development of colorectal adenoma in the process of colorectal carcinogenesis. Many previous studies [20] [21] [22] [23] [24] [25] [26] [27] have tried to show an association between the risk of colorectal adenoma and insulin levels, but have yielded inconsistent results. The discrepancies in data between studies could in part result from differences in study design, selection of study population and the number of enrolled cases. Keku et al. 26 showed that higher insulin levels were associated with increased colorectal adenoma (OR 2.2, 95% CI 1.1-4.2 compared with the lowest quartile). However, that study had a limitation in that the control group had a higher rate of familial history of CRC than the adenoma group. In the present study, the familial history of CRC was 4.3%. This rate was lower than those from Caucasian (7-26%) 24, 26 and Japanese (4.7-6.4%) 20, 29 , but this was similar to other Korean studies (4.6-5%) 19, 30 . In the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial 24 , insulin levels showed a positive association with colorectal adenoma (OR 2.1, 95% CI 1.3-3.6), especially with more advanced ade- nomas (OR 2.3, 95% CI 1.1-4.9 compared with the lowest quartile). However, 60% of the control participants in that study did not undergo complete colonoscopy. Flood et al.
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found that the highest quartile of insulin was associated with an approximately 50% increased recurrence risk of colorectal adenoma over 4 years in a multicentered randomized trial. However, that study had a small sample size. In a case-control study from Japan 27 , serum insulin levels were directly correlated with the presence of adenoma in the proximal colon, but the study population was composed of participants with lower gastrointestinal symptoms and positive screening results including positive findings at fecal occult blood or sigmoidoscopy. A recent study in Japan 27 showed that multivariate adjusted OR of colorectal adenoma for the highest quartile compared with the lowest quartile of insulin levels was 3.45 (95% CI 1.73-6.87). However, the participants in that study were selected by a pit pattern using indigo carmine solution on the surface of polyps instead of histological confirmation. By contrast, in another study Japanese study 22 , insulin levels were positively associated with the development of early stage CRC, but showed no association with colorectal adenoma. That study had a serious limitation, because the control groups were not confirmed by colonoscopy. One prospective study found that higher levels of insulin were associated with colorectal adenoma, but this significance disappeared after multivariable adjustment for confounding variables, such as alcohol and smoking habits 21 . Nishii et al. 25 reported that the prevalence of colon adenoma did not vary according to plasma insulin levels. The above-mentioned studies were all composed of small populations of participants.
In the present study, we selected control participants with confirmed normal findings and who were free from other benign lesions. Participants of the adenoma groups had at least one or more adenoma confirmed by histopathology. Furthermore, we excluded participants who were taking antidiabetic medication, potentially interfering with circulating insulin levels. Therefore, we could select subjects with colorectal adenoma and controls exactly in comparison with other previous studies. The prevalence of colorectal adenoma in the present study was 23.3% in a total of 15,427 participants and 37.5% in the 9,625 participants after excluding 5,802 participants according to exclusion criteria. This is similar to the prevalence of colorectal adenoma (30.2%) by Multi-Society Task Force for Development of Guidelines for Colorectal Polyp Screening, Surveillance and Management in Korea 31 . We also showed that HOMA-IR was associated with colorectal adenoma, and multivariate adjusted risk estimate achieved statistical significance. HOMA-IR, an insulin resistance index, has also been evaluated as a potential risk factor for colorectal adenoma 21, 29, 30 . One study in Japanese men demonstrated that increased HOMA-IR according to three categories, normal (<1.6), indeterminate (1.6-2.5) and insulin resistance (≥2.5), showed a significantly increased risk for colorectal adenoma after adjusting for waist circumference (OR 1.62-2.23, 95% CI 1.07-2.45) 29 . Ortiz et al. 21 reported that the OR of the highest relative to the lowest HOMA-IR group increased significantly by 2.11 in the Cancer and Energetics Colon Polyps Study. A case-control study in Koreans showed that increased HOMA-IR was associated with the presence of colorectal adenoma (OR 1.99, 95% CI 1.35-2.92, compared with the lowest quintile) 30 . By contrast, Yamamoto et al. 22 could not show any association between HOMA-IR and colorectal adenoma in a small Japanese population study.
Insulin has long been considered a primary mediator of CRC risk in obese populations. Insulin itself has direct growthpromoting effects and mitogenic activity. Insulin also activates insulin-like growth factor (IGF)-1, which plays a role in cell proliferation and apoptosis 32 . Additionally, insulin stimulates growth of normal colonic and carcinoma cells in vitro 33 . The mitogenic properties of insulin might be mediated through IGF-1 receptors and increased bioactive IGF-1 34, 35 . An in vivo study showed that circulating insulin, at levels seen in insulin resistance, increased proliferation of normal colorectal epithelial cells in a dose-dependent manner, which implies that hyperinsulinemia could be the main risk factor for colorectal neoplasm 36 . Epidemiological and clinical studies have shown the association of CRC with circulating insulin 4, 6, 11 , and those results have supported the insulin hypothesis in colorectal carcinogenesis. The present study showed that insulin and HOMA-IR were associated with the presence of colorectal adenoma. These results suggest that insulin and insulin resistance are involved in the early stages of colorectal carcinogenesis.
We also analyzed the association between fasting insulin level and the presence of colorectal adenoma stratified by glucose or BMI. The higher quartiles of insulin level were associated with the presence of colorectal adenoma in both normoglycemic and hyperglycemic groups (model 1 in Table 5 ). After stratification by BMI, the significant association was also observed in the non-obese group (Table 6 ). These results suggest that increased fasting insulin levels were still significantly associated with the presence of colorectal adenoma after controlling the confounding effects of glucose levels or adiposity. However, the association weakened in the normoglycemic group after controlling BMI (model 2 in Table 5 ), and the association was not observed in the obese group (Table 6) . These results might be as a result of the complex interaction among serum insulin and glucose levels and BMI, especially in the obese group.
The present study had several limitations. We analyzed onetime measures of serum insulin, and single measurements of serum insulin levels might not accurately reflect levels over time. Second, data on other residual confounders, such as physical activity, dietary factors and detailed past history of smoking, were not available. Third, neither size nor number of colorectal adenomas was taken into account in the present study. In addition, we cannot determine causality from our findings, because it was a cross-sectional study. Nevertheless, the present study had certain strengths, such as the inclusion of a large number of participants and the inclusion of histopathologically confirmed colorectal adenoma in all study participants. In addition, for the control group, we used an apparently healthy population that had undergone a screening health check-up, and such populations approximately reflect the general population. Finally, the collected data were rigorously standardized and of high quality.
In conclusion, the present study showed that increased serum insulin level and insulin resistance were significantly associated with the presence of colorectal adenoma. These results suggest that insulin and insulin resistance might contribute to the development of colorectal adenoma. Further prospective studies are required to clarify the role of insulin in the development of colorectal adenoma.
